Materials and Methods. Unless stated otherwise, reactions were conducted in flame-dried glassware under an atmosphere of nitrogen using anhydrous solvents (either freshly distilled or passed through activated alumina columns). Chloroform, stabilized with ethanol was stored in the dark over oven-dried 4Å molecular sieves. Methanol and N,N-dimethyl acetamide were used as purchased. 2,2,6-Trimethylcyclohexanone (9) was used as received or prepared according to the procedure reported herein. All other commercially obtained reagents were used as received, unless specified otherwise. IBX was prepared by the method of Santagostino.
solvent peak (δ 7.26 for CDCl 3 and δ 7.15 for C 6 D 6 ). Data for 1 H NMR spectra are reported as follows: chemical shift (δ ppm), multiplicity, coupling constant (Hz) 3 and integration. 13 C NMR spectra were recorded on a Varian Mercury 300 (at 75 MHz), or a Varian Inova 500 (at 125
MHz) and are reported relative the residual solvent peak (δ 77.2 for CDCl 3 and δ 128.4 for C 6 D 6 ). Data for 13 C NMR spectra are reported in terms of chemical shift. 19 F NMR spectra were recorded on a Varian Mercury 300 (at 282 MHz) and are reported in terms of chemical shift without the use of a reference peak. IR spectra were recorded on a Perkin Elmer Spectrum BXII spectrometer and are reported in frequency of absorption (cm -1 ). Optical rotations were measured with a Jasco P-1010 polarimeter, using a 100 mm path-length cell. High-resolution mass spectra were obtained from the California Institute of Technology Mass Spectral Facility. UV-Vis spectra were collected on an Agilent 8453 UV-Vis spectroscopy system and are reported as follows: λ max (nm) then log(ε) (M -1 • cm -1
). Melting points were determined on a ThomasHoover melting point apparatus and are uncorrected. Boiling points are measured directly during distillation and are uncorrected. Crystallographic data have been deposited at the CCDC, 12
Union Road, Cambridge CB2 1EZ, UK and copies can be obtained on request, free of charge, by quoting the publication citation and the deposition number 293604. and trans isomers) in THF (10 mL) was added. After 1 h, MeI (14.8 mL, 237.9 mmol) was added quickly, 4 and the reaction was warmed to 23 °C. After 1 h, the reaction was poured into a flask containing saturated aqueous NH 4 Cl (100 mL) and H 2 O (100 mL). After stirring 10 min, the reaction was diluted with H 2 O (75 mL) and pentanes (75 mL). The aqueous layer was extracted with pentanes (3 x 100 mL). All organic layers were combined, washed with brine (100 mL), dried (Na 2 SO 4 ), filtered, concentrated, and distilled under N 2 at ambient pressure, affording ketone mixture SI2 (9.57 g) as a clear, fragrant oil, which used without further characterization.
4 Slow addition of MeI over 1 h led to a dark yellow solution that gave decomposition during distillation. The same outcome occurred when the reaction was stirred for more than 2 hours at 23 °C after MeI addition. Semicarbozone SI3. To a solution of ketone mixture SI2 (9.56 g), in MeOH (160 mL), water (60 mL), and pyridine (24 mL) was added semicarbazide hydrochloride (14.0g, 126.1 mmol). The reaction was refluxed at 105 °C for 30 min, and then the heating was turned off, and the reaction was allowed to cool to 23 °C in the oil bath. Then the reaction was cooled to -20 °C for 36 hours. The white crystals that formed were filtered and washed with water, then dried in vacuo over P 2 O 5 , giving SI3 (10.8 g, 69% over 2 steps from SI1) as a white, crystalline solid. 7, 158.8, 40.3, 38.0, 31.7, 29.6, 29.2, 28.3, 18.0, 17.1; IR (KBr): 3463, 3186, 2970 , 2931 , 2868 , 2856 , 1689 , 1577 , 1465 , 1384 , 1110 Ketone 9. To a suspension of semicarbazone SI3 (10.9 g, 55.0 mmol) in Et 2 O (400 mL) and water (20 mL) was added aqueous 6 M HCl (20 mL) in a dropwise fashion. The biphasic mixture was stirred vigorously at 23 °C for 3 h. Then saturated aqueous NaHCO 3 (300 mL) was added cautiously at 0 °C. After 30 min, the organic phase was collected. The aqueous phase was extracted with Et 2 O (2 x 100 mL). All organic layers were combined, dried (Na 2 SO 4 ), filtered, and concentrated. The residue was distilled at ambient pressure under N 2 , affording ketone 9 Enol Carbonate 8. A solution of LiHMDS (57.5 mL, 1.0M in THF, 57.5 mmol) in THF (300 mL) was cooled to 0 °C and a solution of ketone 9 (6.67 g, 47.6 mmol) in THF (10 mL) was added. The reaction was stirred at 0 °C for 1 h, then cooled to -78 °C and fitted with an addition funnel, which was charged with a solution of allyl chloroformate (6.56 mL, 61.8 mmol)
in THF (200 mL). The solution was added dropwise over 30 min. Then the reaction was warmed to 23 °C. After 13 h, the reaction was poured into a mixture of saturated aqueous NH 4 Cl (100 mL), water (100 mL), and hexane (100 mL). After 10 min, the organic phase was collected and the aqueous phase extracted with Et 2 O (3 x 75 mL). All organic layers were combined, washed with brine (100 mL), dried (Na 2 SO 4 ), filtered, and concentrated. 131.8, 120.9, 119.1, 68.7, 39.4, 35.1, 31.4, 26.9, 19.3, 16.7; IR (NaCl/CDCl 3 ): 2965 , 2934 , 2868 , 2838 , 1759 , 1459 , 1363 , 1271 , 1238 , 1138 , 1025 134.7, 118.0, 47.7, 44.6, 44.0, 39.9, 37.0, 28.0, 27.3, 25.7, 17.9 6 Although xylenes do not reflux at this temperature, the xylene-water azeotrope does, and can be removed.
Refluxing at greater than 110 °C was avoided as it led to decomposition. in MeOH (27.1 mL), water (10.2 mL), and pyridine (4.07 mL) was added semicarbazide hydrochloride (1.91 g, 17.1 mmol). The reaction was refluxed at 105 °C for 2 h. Then the reaction was cooled to -20 °C for 36 h. The crystals that formed were filtered and washed with water, then suspended in absolute EtOH (115 mL). The suspension was heated to 95 °C, at which point it became a solution. Water was added dropwise until cloudiness persisted for 30 seconds even with stirring (76.6 mL). EtOH (200 µL) was added to remove the clouding. Then the heat was turned off, and the reaction was allowed to cool in the oil bath to 23 °C.
8 After 10 h, the crystals were filtered and suspended in EtOH (100 mL). The suspension was heated to 100 °C and water (72 mL) was added dropwise as before followed by EtOH (200 µL). 7 The sample of bicyclic enone used in this recrystallization sequence was a combination of several lots of enone product and had a net ee of 83%. 8 Cooling the system to 0 °C gave much less enantioenrichment per recrystallization than if the minimum temperature was kept at 23 °C. 9 CDCl 3 was the only NMR solvent capable of solvating SI4 at 23 °C (ca. 1 mg in 1 mL), making 13 C NMR spectroscopy challenging. Enantioenriched Enone 6. To a suspension of enantioenriched semicarbazone SI4 (1.30 g, 5.53 mmol) in THF (120 mL) was added aqueous 6 M HCl (30 mL) in a dropwise fashion.
After stirring vigorously for 12 h at 23 °C, the biphasic mixture was cooled to 0 °C, and saturated aqueous NaHCO 3 (72 mL) was added cautiously. After stirring for 10 min, the reaction was diluted with water (75 mL) and hexane (75 mL), and the organic phase was collected. The aqueous phase was extracted with Et 2 O (3 x 75 mL). All organic layers were combined, washed with brine (75 mL), dried (Na 2 SO 4 ), filtered, and concentrated, giving enantioenriched enone 6 194.4, 126.4, 54.7, 44.3, 41.5, 40.6, 36.5, 31.3, 27.4, 26.2, 19 Keto-Enone 11. To a solution of LiHMDS (3.27 mL, 0.943M in THF, 3.09 mmol) in THF (29 mL) at 23 °C was added a solution of enantioenriched enone 6 (981 mg, 5.51 mmol) in THF (12 mL) in a dropwise fashion over 3 min. After 1 h, the reaction was cooled to -78 °C and methyl vinyl ketone (257 µL, 3.09 mmol) was added quickly. After 5 min, the reaction was quenched with a 1:1 mixture of saturated aqueous NH 4 Cl (5 mL) and water (5mL) at -78 °C.
Then the reaction was warmed to room temperature and diluted with hexanes (20 mL) and water (20 mL). After collecting the organic phase, the aqueous phase was extracted with Et 2 O (3 x 15 mL). All organic layers were combined, washed with brine (20 mL), dried (Na 2 SO 4 ), filtered, and concentrated. The residue was purified by flash chromatography on silica gel (1:9 208.9, 193.1, 124.8, 58.1, 47.2, 41.7, 41.4, 36.7, 35.2, 31.2, 30.2, 28.3, 26.4, 21.3, 18.8; IR (KBr): 3009, 2958 , 2943 , 2897 , 2871 , 1710 , 1691 , 1598 , 1460 , 1420 , 1381 , 1372 , 1357 , 1269 was added dropwise. After 30 min, the reaction was cooled to -78 °C and a solution of tricyclic enone 12 (236 mg, 1.03 mmol) in THF (3 mL) was added dropwise over 5 min. After 30 min, a solution of N-phenyl triflimide (513 mg, 1.44 mmol) in THF (6 mL) was added. 30 min later, the reaction was wrapped in foil and warmed to 23 °C. After 5 h, the reaction was diluted with Et 3 N (5 mL) and concentrated to ca. 5 mL total volume. Then hexane (10 mL) and more Et 3 N (2 mL)
were added, and the reaction was concentrated to ca. 5 mL a second time. 7, 153.0, 149.1, 132.3, 131.4, 130.3, 122.5, 111.2, 107.7, 50.1, 48.7, 41.0, 40.2, 35.6, 31.8, 27.7, 23.1, 20.9, 19.6 13 If the crude enol triflate is exposed to silica that has not been basified, it decomposes to the starting material.
14 If the plate is not pre-soaked in eluent, the product will be cleaved to starting material during plate development, giving the false appearance of an incomplete reaction. 15 This peak may arise from the fluorines of N-phenyl triflimide, which is also visible in the 1 H NMR. 4, 152.9, 147.2, 142.4, 122.4, 121.0, 120.8, 118.6, 50.8, 42.8, 38.3, 35.7, 34.3, 31.5, 25.5, 24.54, 24.51, 23.7, 20.0; IR (NaCl/CDCl 3 ): 3061, 2995 , 2959 , 2928 , 2866 , 2845 , 1616 , 1479 , 1458 , 1382 , 1369 , 1362 and α,α-dichloromethyl, methyl ether (89.0 µL, 0.982 mmol) was introduced, followed by TiCl 4 (81.0 µL, 0.736 mmol). After 1 h, the deep red mixture was warmed to 23 °C, and 1 h later the reaction was poured onto a slurry of crushed ice (40 mL) and DCM (10 mL). After stirring vigorously for 1 h, the organic phase was collected. The aqueous phase was extracted with DCM (3 x 20 mL). All organic layers were combined, washed with water (20 mL), saturated aqueous NaHCO 3 (30 mL), and brine (30 mL), then dried (Na 2 SO 4 ), filtered, and adsorbed onto silica gel.
The adsorbed products were separated by flash chromatography on silica gel 3035, 2961, 2932, 2869, 1959, 1682, 1631, 1580, 1517, 1464, 1433, 1403, 1369, 1287, 1230, 1172 of natural dichroanone to be (S 178.4, 177.2, 152.6, 149.0, 147.9, 122.9, 118.1, 55.5, 43.5, 37.5, 37.1, 31.1, 24.9, 24.1, 20.3, 20.2, 19.2; IR (KBr): 3326, 2959 , 2925 , 2868 , 1628 , 1519 , 1459 , 1367 , 1357 , 1287 , 1170 , 1127 , 1107 cm -1 (NaCl/CHCl 3 ): 3350, 2960, 2932, 2873, 1637, 1527, 1470, 1368, 1358, 1317, 1242, 1104, 990 22 An attempt was made to measure the specific optical rotation of synthetic (-) dichroanone (1) at c = 0.67 as reported by the isolation chemists; however, due to the cell path length used (100 mm) on the polarimeter, no sodium-D (589 nm) light was transmitted through the orange-red solution, making an accurate measurement difficult. To circumvent this issue, a lower concentration was employed. 
Determination of Absorption Maxima and Extinction

Methods for the Determination of Enantiomeric Excess
Special Refinement Details
Refinement of F 2 against ALL reflections. The weighted R-factor (wR) and goodness of fit (S) are based on F 2 , conventional R-factors (R) are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ( F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (3) 438 (2) 9136 (2) 6569 (2) 21(1) C (4) 845 (2) 9489 (2) 7970 (2) 24(1) C (5) 2195 (3) 10768 (2) 7999 (2) 25(1) C (6) 3847 (3) 10570 (2) 7160 (2) 30(1) C (7) 3246 (3) 10291 (2) 5743 (2) 25(1) C (8) 1987 (2) 8962 (2) 5616 (2) 19(1) C (9) 904 (2) 8804 (2) 4288 (2) 22(1) C (10) 1666 (3) 8214 (2) 8718 (2) 33(1) C (11) -912(3) 9929(3) 8641(2) 37(1) C (12) 3162 (3) 7620 (2) 5848 (2) 28(1) C (13) 1425 (3) 9737 (2) 3163 (2) 25(1) C (14) 3226 (3) 9280 (2) 2556 (2) 26(1) C (15) 3946 (3) 10329 (2) 1605 (2) 27(1) C (16) 5601 (3) 9861 (3) 880 (2) 32(1) ________________________________________________________________________________ (1) 180 (6) 311 (7) 286 (7) -27(7) -40(5) -6(6) O (2) 528 (10) 395 (9) 366 (9) 77 (7) 117 (7) 126(8) C (1) 197 (9) 186 (9) 286(10) -22(10) -10(7) -15(9) C (2) 158 (9) 286 (11) 280(10) -46(9) 48(8) -18(9) C (3) 198 (8) 187 (10) 235(9) -13(8) 25 (7) -10(8) C (4) 194 (9) 276 (11) 245 (11) -31 (8) 19 (8) -18(8) C (5) 275 (11) 285 (12) 188 (11) -24(9) -14(9) -29(9) C (6) 274 (12) 334 (13) 283 (12) -24(10) 12(9) -113(10) C (7) 229 (11) 262 (11) 253(11) -14(9) 23(10) -34(9) C (8) 155 (8) 232 (9) 182(9) -7(9) 19(6) -2(9) C (9) 165 (9) 281 (11) 216(10) -13(9) 3(7) 10(9) C (10) 356 (14) 334 (13) 304 (13) 45 (10) -32(11) -83(11) C (11) 333 (13) 531 (16) 245 (12) -85(11) 59(10) -24(12) C (12) 284 (13) 285 (12) 257 (12) 15 (10) 6(11) 65(10) C (13) 204 (10) 305 (12) 242 (11) 9(9) -16(8) 13(9) C (14) 220 (10) 350 (13) 197 (10) -4(9) -5(8) 19(9) C (15) 263 (11) 354 (13) 181 (10) -50(9) -51(8) 21(9) C (16) 247 (12) 456 (14) 253 (12) 20 (12) 25(10) -38(11) ______________________________________________________________________________ 
